A method is presented for obtaining parameter estimates of the one pollen parent model using the progeny array as the unit of observation. The method is more direct and computationally simpler than that previously described by Schoen and Clegg (1984) . It is shown that for a fixed total sample size the optimal number of progeny per family for the estimation of parental fixation index and selfing rate ranges from 3 to 9, and depends on the level of inbreeding in the population.
INTRODUCTION
The mating system may strongly influence the amount and pattern of genetic variation in populations and thereby help determine the tempo and mode of evolutionary change. Accurate descriptions of the mating system, therefore, are frequently sought by population biologists. With the advent of electrophoresis as a tool for detecting single gene variation in natural populations, the number of studies reporting estimates of mating system parameters has increased substantially (see Schemske and Lande, 1985 for a partial list), and several mating system estimation models which differ as to their assumptions about the mating process have now been proposed (reviewed in Clegg, 1980; Ritland, 1983; Brown, Barrett, and Moran, 1985) . The one pollen parent model, in contrast to the classical mixed mating model, assumes that outcrossed progeny within the family of a maternal parent practising mixed selfing and outcrossing are derived from pollination with a single paternal parent genotype. This may occur when the pollen deposited on the stigma(s) of the maternal parent consists of contributions from one plant (Schoen and Clegg, 1984, 1986) . This type of mating system may characterize species with "packaged pollen" (e.g., members of the Orchidaceae, Asclepiadaceae, and Onagraceae). Moreover, there is evidence that the one pollen parent model accurately describes the mating system when families of seed are derived from single fruits within maternal parents in the species Ipomoea purpurea (Ennos, 1981; Schoen, 1985; Schoen and Clegg, 1986) , and it may be applicable in other plants where seed families are derived entirely from single fruits within maternal parents. This paper extends mating system estimation based on the one pollen parent model to treat the progeny array as the unit of observation (Ritland, 1986) . This extension renders estimation of the model parameters and their variances more direct and computationally simpler than the procedure outlined by Schoen and Clegg (1984) . For a more detailed discussion of the one pollen parent model, the reader should refer to Schoen and Clegg (1984, 1986) .
A second objective of this paper is to provide information on optimal gene frequencies and progeny sizes for the estimation of parameters of the one-pollen parent model when allele frequencies are not close to 0 or 1. Such information is useful in designing efficient sampling programs (Brown, 1975) .
METHOD OF ESTIMATION
Notation for the one pollen parent model
The one pollen parent model is described below for a diallelic locus (with genotypes AA, Aa, and aa) by adopting the notation and approach of Ritland (1986) for the mixed mating model. Thus the model describes how the array of genotype
is related to a three-dimensional matrix with elements representing the frequencies of genotypic transitions from maternal and paternal parents to offspring, where the rows i of this matrix index progeny genotypes, and the columnsj and k index maternal and paternal parent genotypes, respectively (i,j, k = 1 for AA, i,j, k = 2 for Aa, and to the observed number of progeny of genotype i in array y, with x1, = ny,. The set of all x, vectors forms the matrix X.
Probability and likelihood of progeny array data
The probability of observing segregation pattern x, given maternal parentj and paternal parent k is
and by accounting for the possibility of drawing all maternal parents j and paternal parents k, the overall probability of array y is
Letting PJk denote the probability of progeny genotype i given maternal parent j and paternal parent k, where
the likelihood of progeny array x, given maternal parent j and paternal parent k can be written as
Accounting for alternative maternal and paternal parentage, the likelihood of progeny array x, is
The likelihood of the total sample of progeny arrays is L'(X)=flL.
frequencies in the offspring generation, and, Method of finding the maximum likelihood estimates (MLE's) of the one-pollen parent model
The procedure used below for finding the MLE's is based on the scoring method of Fisher (Rao, 1952) . It is, however, also possible to find the MLE's using the expectation-maximization algorithm (Demster, Laird, and Rubin, 1977) . For a comparison of the merits of different methods see Ritland (1986) . The first derivatives of the log likelihood function for progeny array xi,, with respect to the model parameters b = (F, s, p, u) (i.e., the scores, denoted by S) are as follows: f(aa,aa-aaa)
These elements can be calculated in terms of previous formulas (Ritland, 1986) , i.e., the information matrix has elements which are equal to PrSS.
where Pr and the S's are as outlined above, and the summation is over all the possible classifications of n progeny into genotypic classes AA, Aa, and aa. The variance of estimates of F and s per zygote, obtained by dividing the elements of the information matrix by fly before inverting it, are plotted against allele frequency in fig. 1 . As in the case of the mixed mating model (Ritland, 1986) 
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Number of progeny / f mu y (c) F / of Ipomoea purpurea (Schoen and Clegg, 1985) . Progeny arrays derived from single fruits within maternal parents, are listed in X 000 000 000 000 000 000 000 000 where the ith row and yth column of X give the number of progeny genotypes AA, Aa, and aa in the yth family. The order of progeny arrays listed in X reflects three grouped collections from each of the two types of homozygous seed parents and the heterozygote, respectively, as outlined in the experimental design of Schoen and Clegg (1985) . Table 2 shows the MLE's of the one-pollen parent model for 25 iterations when starting values for all parameters are set to 05. If some a priori knowledge of the parameter values is available, the number of iterations required for convergence can be reduced by starting the estimation routine with these. It is noteworthy that when this estimation procedure is applied to family data simulated according to the assumptions of the mixed mating model, i.e., with many rather than one pollen parent genotypes per family as described in Schoen and Clegg (1984, 1986) , that estimates do not converge in some instances (Schoen, unpublished) . In practice, such non-convergence might be interpreted as an indication of violation of the model assumption of one male parent among the outcrossed progeny of a family.
CONCLUSION
An algorithm has been presented for estimating the parameters of the one pollen parent model using the progeny array as the unit of observation.
The method is more direct than that outlined by Schoen and Clegg (1984) . The latter method was based on a two stage procedure which did not allow straightforward computation of the variances of the estimates (Clegg, Kahler, and Allard, 1978) . This paper also reveals that optimal family sizes for the estimation of F are similar to those reported by Ritland (1986) for the mixed mating model, i.e., family sizes are smaller than those adopted by many researchers.
At present, due to the small number of studies which have focussed on the problems the overall relevance of the one pollen parent model to mating system estimation in plants is not clear. Several studies suggest that the model may be most useful in situations where the progeny in arrays derive from the single fruits. For example, Schoen (1985) and Brown, Grant, and Pullen (1986) found evidence in Ipomoea purpurea and Glycine argyrea, respectively, that seeds derived from outcrossing within the same fruit on a plant were more likely to share paternal parentage than seeds of different fruits on a plant. In the latter case, it was estimated that 85 per cent of the cross-pollinated seed within a fruit shared the same male parent. Ritland (personal communication) reports a similar hierarchy of male parentage in Mimulus guttatus. Such a hierarchy suggests a role for the model in mating system estimation, but it remains to be seen how applicable the assumptions of this model will apply in general. It is hoped that the above-outlined presentation of the one pollen parent model will help to simplify its use in mating system estimation, and help to unify approaches to obtaining these estimates by putting the problem into the framework provided by Ritland (1986) for the mixed mating and effective selfing models.
